Lynn M. Riddiford may not have become a developmental biologist had she not stumbled across an article in Seventeen magazine as a teenager. She read that the Roscoe B. Jackson Memorial Laboratory in Bar Harbor, Maine-1,500 miles from her parents' farm in Illinois-had a summer research program for high school students. That experience triggered Riddiford's lifelong interest in the biological sciences. Now a researcher at the Howard Hughes Medical Institute's Janelia Farm Research Campus in Ashburn, Virginia, Riddiford has devoted her career to understanding the hormones that drive metamorphosis in insects. Riddiford, elected in 2010 to the National Academy of Sciences, became the first female faculty member in Harvard University's Biology department in 1966. In 1979, she was awarded a prestigious John S. Guggenheim Foundation Fellowship to study hormonal control in insects at the molecular level. In her Inaugural Article (1), Riddiford has found that Manduca sexta, a type of moth, has a clock that helps set the timing of metamorphosis. Riddiford suspects that these molt timers may be ubiquitous across animals that molt and undergo metamorphosis.
PNAS: How did you become interested in hormonal control in insects?
Riddiford: In 1957, I was a junior at Radcliffe College in Cambridge, Massachusetts, majoring in biochemical sciences. That fall, Carroll Williams, a zoologist at Harvard University, came and gave a lecture at the school. He had just isolated this "golden oil" that he called juvenile hormone. As he was talking about juvenile hormone and how it controlled metamorphosis in insects, I asked a silly question: "Does juvenile hormone also control tadpole metamorphosis?" He said he didn't think so, but asked if I would like to find out. So I joined Williams' laboratory and traveled with a postdoc down to the Cape to collect bullfrog tadpoles. I didn't find any effect of juvenile hormone on the tadpoles, but I continued working with Williams until I graduated. I returned seven years later, in 1965, when Williams had a postdoctoral position open up in his laboratory.
PNAS: What was your first major finding?
Riddiford: I had to complete a thesis for my biochemical sciences major. It was known that juvenile hormone prevents metamorphosis in insects. I wanted to find out whether other species had substances that behaved like juvenile hormone, so I looked at chemicals extracted from plant and animal tissues and cooking oils. When I tested the extracts on insects, two substances-bovine adrenal cortex and Yello-A, a yellow food coloring added to margarine to make it look like butterblocked metamorphosis. Then, another girl in Williams' laboratory the next year found the same type of activity in human placenta. Following these results and further studies, Williams wrote up the study titled "Juvenile hormone in thymus, human placenta and other mammalian organs." So my first paper came out in Nature in 1959 (2).
PNAS: Why have you stayed focused on the hormones that drive metamorphosis?
Riddiford: After teaching biology for two years at Wellesley College in Massachusetts, I returned to Williams' laboratory in the mid60s to continue studying juvenile hormone. At that time, Williams and his colleague Karel Slama had just found the "paper factor," a chemical mimic for juvenile hormone traced only to American paper products (which are made from balsam fir). That mimic blocked metamorphosis in linden bugs from Europe but not in American milkweed bugs. That meant that this compound could eliminate all bugs closely related to the linden bug, while sparing milkweed bugs, grasshoppers, moths, butterflies, and others. Juvenile hormone began to show promise as a very selective insecticide. I thought that if we knew precisely how juvenile hormone worked, we would have a better chance of finding more of these selective insecticides. (Today, juvenile hormone mimics are in commercial use, particularly to control fleas). I have now brought that understanding down to a cellular level and am trying to bring it down to a molecular level.
PNAS: Can you describe some of your key findings?
Riddiford: My laboratory spent the 1970s working out the endocrinology of the tobacco hornworm, Manduca sexta. That involved mapping the interplay between juvenile hormone and the molting hormone, ecdysone. We found that ecdysone in the presence of juvenile hormone drove the moth through its larval molts. And we observed that when the larva grew large enough in the final stage, juvenile hormone disappeared and ecdysone appeared, triggering a genetic switch from larva to pupa. What was really amazing was that I was able to block that switch in a dish by adding juvenile hormone back in. Then we began to see that it wasn't all so simple. For instance, in the mid-1970s, we tested caterpillars and found that different epidermal segments matured at different rates in the presence of ecdysone. It took us until 2001 to realize that the culprit was a transcription factor known as Broad. It turns out that each segment expresses Broad in response to ecdysone at different times. We also showed that Broad in both Manduca and Drosophila did not appear in the presence of juvenile hormone.
PNAS: Your Inaugural Article moves you in a slightly new direction. Can you explain?
Riddiford: My career has revolved around understanding how juvenile hormone works. Studies by other researchers in the 1970s showed that juvenile hormone determined when a species had reached a large enough size to molt. Under poor nutrition conditions, juvenile hormone enabled larvae to prolong feeding. While at the University of Washington in Seattle, I worked with my husband and collaborator James Truman (who now runs a separate laboratory at Janelia) to see what happens to larvae that lack juvenile hormone. To our surprise we found that these larvae proceeded to molt, even at very small sizes, after a fixed amount of time, about four days. These findings suggest that the timing to metamorphosis is determined through two systems, juvenile hormone and a molt timer.
PNAS: What is the significance of this finding?
Riddiford: Time-keeping is a feature of complex life. Just as circadian clocks keep an animal's cellular and physiological processes tuned to a 24-hour day, we think that the molt timer may represent a different type of time-keeping mechanism. 
